Study design: Cross-sectional. Objectives: To describe the manual wheelchair (MWC) skill profiles of experienced MWC users with spinal cord injury and their wheeled mobility (distance and speed) while considering their level of injury and age. Setting: Rehabilitation centers, participant's home and the community. Methods: MWC skills were evaluated using the wheelchair skills test (WST) and wheeled mobility data were collected in the participants' own environment over a 7-day period, using a Cateye cycle computer (VELO 8). A total of 54 participants took part in the study. Results: The mean total performance score of the sample on the WST was 80.7 ± 11.8%, with a significant difference between participants with tetraplegia (C4-C8) and those with low-level paraplegia (T7-L2) (Po0.01). The average daily distance covered was 2.5±2.1 km at 1.7±0.9 km h À1 , with no significant difference between participants with paraplegia and those with tetraplegia (wheeled distance: P¼0.70; speed: P¼0.65). Significant relationships were found between MWC skills and daily wheeled distance (r¼À0.32, Po0.05), but the correlation between these variables did not remain significant when controlling for age (partial r¼0.26, P¼0.07). Conclusion: These results suggest that the level of injury is related to MWC skills but not wheeled mobility. MWC skills are related to greater wheeled distance, but to a lesser extent when controlling for age.
INTRODUCTION
Mobility is perceived as one of the most restricted domains of social participation after spinal cord injury (SCI). 1 Mobility is defined as a life habit where a person has to go from one place to another with or without the use of transportation. 2 Knowing that the accomplishment of many valued activities and social roles is highly wheelchair (WC) dependent in individuals with SCI, limitations in mobility can considerably restrict opportunities to participate in social activities. Moreover, WC users with SCI face many environmental barriers, in addition to other types of challenges that potentially restrict social participation. There is evidence that the personal characteristics of manual wheelchair (MWC) users with SCI (for example, age, pain, level of injury, depression) and the characteristics of the MWC (for example, MWC configuration) reduce their capacity to propel their MWC, [3] [4] [5] with a potential impact on community mobility. 1 Greater ability to use a MWC and transportation is essential after SCI and it could, for example, enhance the likelihood of returning to work and other vocational activities. 6, 7 Recent findings suggest that MWC skills, defined as the ability to maneuver the MWC, 8 are related to social participation 1 year after discharge, 9 but there is still no evidence regarding long-term factors affecting mobility at home and in the community of MWC users with SCI, and how MWC skills are related to the accomplishment of activities and social roles more than 1 year post discharge.
A large proportion of people with SCI require a MWC for their mobility (50-80%), 10 and should receive proper training to ensure optimal MWC skills at rehabilitation discharge. However, there does not seem to be any standardized or optimal MWC training in rehabilitation centers. A recent study showed that only 17-18% of WC users (not SCI-specific) received formal WC skills training. 11, 12 One could hypothesize that evidence of a significant contribution of MWC skills to long-term community participation would encourage rehabilitation settings to more systematically include such training during rehabilitation. To date, no data are available to validate this hypothesis. In the past, training protocols, such as the Wheelchair Skills Training Program (WSTP), 8 demonstrated significantly better results than regular training programs for improving WC skills, [13] [14] [15] but there is no indication that such an improvement can translate into greater social participation.
The primary objective of this study was to describe the MWC skill profiles of experienced users with SCI and their mobility at home and in the community, in terms of wheeled distance and speed, while considering their level of injury, age and MWC experience. We hypothesized that a lower level of injury, more MWC experience and younger age would be associated with greater MWC skills and mobility, at home and in the community. Our secondary objective was to test the hypothesis that better MWC skills would be associated with greater wheeled mobility. This study is the first step in a research program aimed at demonstrating the importance of improving MWC skills to ensure optimal social participation.
MATERIALS AND METHODS Design
A cross-sectional study design was used for this study. Ethical approval was obtained from the local rehabilitation institutes and universities' ethics boards. All applicable institutional and government regulations concerning the ethical use of human volunteers were followed during the research.
Sample
Participants were recruited with the support of two Canadian rehabilitation centers, the Institut de réadaptation en de´ficience physique de Québec (IRDPQ) in Québec City (n¼29) and the Toronto Rehabilitation Institute (TRI) in Toronto (n¼25). Participants were recruited based on the following criteria: at least 12 months of MWC use before recruitment, MWC user (self-reported average daily use X4 h), 18 years of age or older, no other diagnosis (for example, multiple sclerosis) or cognitive impairment. After receiving all information about the project, participants completed an informed consent form.
WC skills
MWC skills were evaluated using the wheelchair skills test (WST) version 4.1. 8 Measurement properties of the WST were evaluated, and showed good reliability and validity. 16 A recent systematic review supports its use in the SCI population. 17 The WST is a standardized evaluation method (obstacle course) used to objectively evaluate a representative set of WC skills for manual or powered WC users, as well as WC users' caregivers. We used the MWC user form (WST-M-WCU) that contains 32 skills. Each skill was evaluated on a performance (pass/fail) and a safety (safe/unsafe) scale. A total performance score and total safety score were calculated for the WST (from 0 to 100%). Performance of the skill is considered 'pass' only if it is done safely. 8 For this project, the total safety score was not reported because almost all of the participants (83%) had a score of 100% for the safety subscale. The skills mostly rated as 'unsafe' were the ones related to going up and down stairs (26% of all unsafe scores), going up and down curbs (5 and 15 cm) (35% of all unsafe scores), and folding/unfolding the MWC (13% of all unsafe scores). The lowest total safety score was 87.5%. This could be because the people recruited had a long-standing SCI and extensive MWC experience, with good knowledge of obstacles they can overcome safely and those they cannot.
Wheeled distance and speed
Wheeled distance and speed were evaluated using a commercial cycle computer system (VELO 8: Cateye, Boulder, CO, USA; Figures 1a and b). This system is composed of a sensor, magnets and a 'computer' in which mobility data are collected. To collect data at low speeds (for example, moving around inside the house), we installed three or four magnets on the spokes of the WC depending on the type of wheel. We were able to collect data from speeds around 0.80 km h À1 (0.22 m s À1 ). We asked participants to keep this system on their WC for a 7-day data-collection period and to fill out a data-cycle computer logbook every day (cycle computer values only). At the end of the 7-day datacollection period, the cycle computer logbooks were retrieved and reviewed with the participants. Qualitative information was collected based on participants' oral feedback to complement numerical values in the logbook. Wheeled mobility data recorded included the number of magnets on the WC spokes.
Personal and injury characteristics
We used an in-house demographic questionnaire to collect information on age, gender, level of injury, time since injury, MWC experience, education, marital and employment status (see Table 1 ).
Statistics
Descriptive statistics were used to characterize the sample and mobility variables (mean, standard deviation and frequency). Differences between participants with different levels of injury (tetraplegia, high and low paraplegia) regarding personal characteristics, total performance score on the WST and wheeled mobility were analyzed using ANOVA and Bonferroni post-hoc tests. These tests were also used to identify differences in the total performance score on the WST and wheeled mobility for participants with different personal characteristics (gender, employment status, marital status and education). Pearson's correlations (and partial correlations) were used to depict relationships between variables of interest. Table 1 presents the characteristics of the 54 participants in our study (29 from Québec City and 25 from Toronto). Mean age was 46.7 ± 12.8 years and mean MWC experience was 16.0 ± 11.2 years. Three-quarters of the participants (75.9%) were male and just over half (55.6%) had low paraplegia.
RESULTS

Descriptive statistics
MWC skills and mobility profile
The mean total performance score on the WST was 80.7±11.8, with 55.6% of the participants scoring over 80%, which is empirically considered the cut-off for distinguishing people with advanced MWC skills (mainly skills required to control wheelies). Only 28.6% of the participants with tetraplegia (4 out of 14) reached or exceeded the 80% cut-off, suggesting advanced MWC skills. Table 2 presents the relationship between level of injury and WST total performance score, and wheeled mobility at home and in the community. A significant difference was observed in the mean total performance score on the WST (F(2,51)¼5.91, Po0.01). Bonferroni post-hoc tests showed differences between participants with tetraplegia (C4-C8) and those with low-level paraplegia (T7-L2) (M¼72.1±7.9 and 84.0±12.4, Po0.01). No significant differences were found between people with tetraplegia, those with high paraplegia and those with low paraplegia for wheeled mobility at home and in the community (distance:
F(2,47)¼0.08, P¼0.92; speed: F(2,47)¼1.63, P¼0.21). Table 3 presents correlations between WST total performance score, wheeled mobility at home and in the community, age and MWC experience. There was a significant correlation between WST total performance score and mobility (r¼0.36, Po0.01), which suggests that greater MWC skills are slightly associated with higher mobility at home and in the community in terms of daily wheeled distance. The correlation between WST total performance score and daily wheeled distance did not remain significant when controlled for age (partial r¼0.26, P¼0.07). A moderate correlation between age and WST total performance score was also observed (r¼À0.32, Po0.05).
Regarding personal characteristics, only employment status revealed significant differences between groups (employed vs not employed) on the total performance score on the WST (M¼77.8±12.6 and 85.9 ± 8.6, F(1,51)¼6.23, Po0.05). No significant differences were found between the groups for other personal characteristics. 
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Mean wheeled distance was around 2.5 km per day at a speed of about 1.7 km h À1 (0.47 m s À1 ). We observed a strong correlation between daily wheeled distance and speed (r¼0.72, Po0.01), and a moderate to weak correlation between age and these two variables (distance: r¼À0.51, Po0.01; speed: r¼À0.26, P¼0.07).
DISCUSSION
Overall, the study findings depict the MWC skill profiles of experienced MWC users with SCI and their mobility at home and in the community (distance and speed). We also investigated the relationship between the level of injury, age, MWC experience, and MWC skills and mobility, as well as the relationship between MWC skills and mobility, at home and in the community.
On the basis of total performance and safety scores on the WST and qualitative information collected, participants demonstrated that they had both good MWC skills and good judgment regarding whether they could perform the skills safely or not. As expected, these findings suggest that the level of injury (tetraplegia vs low paraplegia) is related to the MWC skills of people with SCI. Upper body impairments in people with tetraplegia probably limit the execution of some skills. A large proportion of participants with tetraplegia failed the execution of wheelies (46.2%), ascending a 15-cm curb (100%) or a 101 incline (84.6%). The small WC skills difference between individuals with low and those with high paraplegia is not in agreement with previous results from biomechanical studies, which reported that trunk control has an impact on MWC propulsion and execution of some skills such as ramp ascent. 4, 18 Skills included in the WST might not be able to distinguish between people with differing degrees of trunk control.
The study findings also suggest that younger people have better MWC skills than older people (as capacities in general). Having more experience in using a MWC does not seem to be associated with better skills in people with at least 1 year of experience. These results are in line with other studies that identified personal characteristics (level of injury and age) as having an impact on the MWC skills of people with SCI. 9, 19 Mean daily wheeled distance observed in the study participants is consistent with previous studies reported in the literature, 20, 21 but with lower wheeled speed. Data were collected partly during the cold season (between October 2009 and June 2010), which could help explain this phenomenon. The seasonal influence is quite possible because a majority of the participants (80%) were tested between November and March, when temperatures were below 0 1C (in Québec City and Toronto), and there was a mean monthly snowfall of 70 cm (in Québec City) and 30 cm (in Toronto) (Canadian Climate Normals 1971-2000, http://climate.weatheroffice.gc.ca). However, because of these environmental conditions, wheeled mobility might be reduced compared with the summer season. The observed mobility values probably reflect 'indoor' rather than 'outdoor' activities. When collecting participants' oral feedback regarding their data-cycle computer logbooks, participants reported that having to propel the WC wearing winter clothes and with snow on the ground discourages them from going outside, and some said that cold temperatures increased their spasms.
Results showed no significant difference in wheeled mobility (distance and speed) at home and in the community depending on the level of the injury (tetraplegia, high and low paraplegia). In addition, the data collection period could have influenced the results. Differences in wheeled mobility between people who have tetraplegia and those with paraplegia may exist during the summer. One of the possible reasons for this difference could be the complete absence of or severely reduced sweating in individuals with tetraplegia, owing to which core and skin temperature increases, and thermal imbalance in both cool and warm conditions increases faster than in individuals with paraplegia, which can lead to thermal injury or autonomic dysreflexia. 22 Additional analysis is needed to determine seasonal effects on mobility. It is also possible that other environmental barriers (for example, few adapted buildings or no curb cut) are too substantial to allow individuals with better MWC skills to have greater wheeled mobility. The participants' age was negatively associated with wheeled mobility at home and in the community. These results partially correspond with findings of previous studies that used questionnaires to assess social participation, and suggest that both age and level of injury were associated with participation of individuals with SCI. 1, 9 One study looked at the results for each social participation domain separately and identified that only level of injury was associated with the mobility domain. 1 Other personal factors such as employment status, fewer secondary complications and better physical fitness could also have an impact on home and community mobility.
As expected, there was a relationship between MWC skills and mobility, at home and in the community (wheeled distance), but this relationship might be due to a stronger correlation between age and these two variables. Despite the non-significant correlation between mobility and MWC skills after controlling for age, owing to the lack of statistical power, such an association remains possible and should be considered. In our opinion, given the potential contribution of many environmental and personal factors to WC mobility, any single factor showing a correlation of B0.2 with mobility variables must be considered as an important contributor to such variables. Moreover, one could argue that the effect of age could be reduced with formal MWC skills training.
LIMITATIONS
As mentioned in the discussion, one limitation of this study was the seasonal effect (winter period), which could have had a considerable influence on the mobility data collected. As this study is considered as a first step towards demonstrating the importance of improving MWC skills to ensure optimal mobility in the community, ideally we should have eliminated this major environmental barrier and focused on the impact of personal factors. Seasonal effects on mobility could be taken into consideration in the design and analysis of future studies. Another limitation is that information about level of injury was selfreported by participants. It was not possible to collect this information from medical records. Injury information given by participants might be wrong, owing to changes after discharge (or last evaluation) or their lack of precise information about injury severity. Some limitations could also be associated with the commercial cycle computer system used to measure wheeled mobility. As it has never been used in such a study, the system was pretested to ensure the measures were accurate. Distance data of the cycle computer were taken several times and compared with known distances. Moreover, distance results corresponding to the literature suggested sufficient accuracy for an initial investigation. In addition to the mean wheeled distance per day recorded, the participant's logbook could have provided important information concerning the type of activities performed by the person every day. This strategy could also help validate the wheeled mobility results obtained.
CONCLUSION These results suggest that the level of injury and age are related to MWC skills. Age is also related to wheeled daily distance, but there is no difference in home and community mobility (distance and speed) between people with different levels of injury. MWC skill scores are correlated to daily wheeled distance at home and in the community, but are not significant when controlling for age. Further investigation will be done regarding the relationship between level of injury, MWC skills, MWC confidence and social participation.
